Thiol/disulfide exchange in the thioredoxin-catalyzed reductive activation of spinach chloroplast fructose-1,6-bisphosphatase. Kinetics and thermodynamics.
Two kinetically and thermodynamically distinct thiol/disulfide redox changes are observed during the reversible thioredoxin fb-catalyzed reduction and oxidation of spinach chloroplast fructose-1,6-bisphosphatase by dithiothreitol. The two processes, which occur at different rates and with different equilibrium constants, can be observed independently in either the reduction (activation) or oxidation (inactivation) direction by assaying the enzyme activity at different magnesium and fructose-1,6-bisphosphate concentrations. The two processes, in both the reduction and oxidation directions, are kinetically zero-order in dithiothreitol concentration and first-order in thioredoxin fb concentration. The rate-limiting step in both directions is the reaction of fructose-1,6-bisphosphatase with thioredoxin. The more kinetically and thermodynamically favored reduction of fructose-1,6-bisphosphatase lowers the apparent Km for fructose-1,6-bisphosphate while the less favorable process lowers the Km for magnesium. Both of the thiol/disulfide redox changes reach equilibrium in redox buffers consisting of different ratios of reduced to oxidized dithiothreitol (Ered + DTTox in equilibrium Eox + DTTred). The equilibrium constants (Kox) are 0.12 +/- 0.02 and 0.39 +/- 0.08 for the fast and slow reduction processes at pH 8.0. The equilibrium constants for oxidation of the enzyme by glutathione disulfide (Ered + GSSG in equilibrium Eox + 2 GSH) can be estimated to be approximately 2400 and 7800 M, respectively. Thermodynamically the fructose-1,6-bisphosphatase/thioredoxin fb system is extremely sensitive to oxidation, comparable to disulfide bond formation in extracellular proteins.